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I.  ABSTRACT 
 Residential composting has increased in popularity in recent years, along with the 
untested claim that the addition of animal-based kitchen scraps will increase the number of 
scavenging wildlife visitors.  This study represents the first experimental test of that claim.  
Using three compost piles consisting respectively of no kitchen scraps (CON), a mix of 
animal and vegetable scraps (MIX), or only vegetable scraps (VEG) that were monitored 
with heat-in-motion sensitive cameras, we studied the visitation pattern of attracted wildlife.  
Of the 29 species identified thus far at the compost piles, I chose to focus on the red-
shouldered hawk (Buteo lineatus), the most common raptor species, and the American crow 
(Corvus brachyrhynchos), by far the most common diurnal species.  The red-shouldered 
hawk had a preference for the MIX pile, which was consistent with the overall trend of 
increased visitation to the MIX pile by all wildlife visitors, and frequented the piles more 
often in the winter/spring season.  These two avian scavengers showed a distinct association 
at the compost piles, which appears to be due to the red-shouldered hawk attraction by 
American crows, perhaps to enhance their foraging. 
 In addition, I noted a novel behavior of the strictly carnivorous red-shouldered hawk: 
ingestion of vegetable matter at the VEG pile.  As a possible explanation of this aberrant 
behavior, I investigated the presence of small mammals at the compost piles and a nearby 
location to determine whether the red-shouldered hawk was attracted to the VEG pile 
primarily because of these prey and not to forage on the vegetable material itself.  I found 
that small mammal activity was significantly higher at the non-pile location.  This finding, 
coupled with related observations, suggested that small mammals were not likely to be the 
primary cause of red-shouldered hawk foraging at the VEG pile.
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II.  INTRODUCTION 
 
The Ecology of Scavengers 
 The role of scavengers, in comparison to that of predators and herbivores, has largely 
been overlooked in the literature on the trophic structures of ecological communities 
(DeVault et al., 2003; Schmitz et al., 2008; Wilson and Wolkovich, 2011).  The limited study 
of the consumption of carrion, or dead animal tissue, may be due in part to human aversion to 
rotting animal flesh (DeVault et al., 2003).  As usage of carrion can be difficult to measure, it 
is often omitted from studies of commonly consumed food items (DeVault et al., 2003; 
Shivik, 2006).  Since many animals die of causes other than predation, carrion is available 
and consumed by a wide range of vertebrate scavengers (DeVault et al., 2003).  Significant 
energy is transferred through these scavengers, as they do not need to exert energy in hunting 
and killing prey (Wilson and Wolkovich, 2011), and some estimates of energy transfer via 
carrion account for as much as 40 to 64 % of an ecosystem’s total energy transfer (DeVault 
et al., 2003; Shivik, 2006).  Furthermore, carrion is a high quality nutritional source for 
scavengers as it contains a high protein content (high nitrogen:carbon ratio), compared to 
plant-based detritus (Wilson and Wolkovich, 2011). 
 Most scavenger species are facultative scavengers, meaning they are also predators, 
so scavenged meals provide a supplement to their diet (Schmitz et al., 2008; Selva and 
Cortés-Avizanda, 2009).  In temperate regions, facultative species rely more heavily on 
scavenging in the late winter months when small mammal populations are low, 
environmental conditions are more extreme, and less carrion is available from other predators 
(Selva and Cortés-Avizanda, 2009).  Conversely, obligate scavengers rely solely on carrion.  
Few species are obligate scavengers as carrion is only available on a patchy spatial and 
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temporal scale in natural settings (Wilson and Wolkovich, 2011).  Vultures are the best-
known obligate scavengers as they are well adapted to foraging for carrion, and there are 
species of vultures that scavenge in many ecosystems throughout the world (DeVault et al., 
2003), such as the turkey vulture (Cathartes aura) in the northeastern United States.  
Vultures are well suited as obligate scavengers not only because of their enhanced ability 
discover carrion when flying overhead, but also because of their heavy reliance on soaring as 
a low-energy means of movement, allowing for efficient foraging for a spatially 
unpredictable resource (Ruxton and Houston, 2004).  Relative to the warmer African 
climates, however, scavenging guilds in the Northern hemisphere tend to be less specialized 
and only few species of true obligate scavengers exist (Selva et al., 2003). 
 In addition to competing with other vertebrates, scavengers must also contend with 
decomposers for access to carrion.  Flying insects, particularly dipterans, are attracted to 
carrion and able to locate it quickly, thus competing with vertebrate scavengers (Shivik, 
2006).  Attraction of insects to carrion, especially in warmer summer months, has led to an 
increase in decomposition rates (DeVault et al., 2004).  Typically bacteria or fungi, microbial 
decomposers break down proteins in detritus into simpler elements, which enhance soil 
quality and provide essential nutrients to plants (Schmitz et al., 2008).  To compete with 
vertebrate scavengers, invertebrate and microbial decomposers colonize and consume carrion 
quickly, often before vertebrates can detect it.   Additionally, many microbial decomposers 
release noxious chemicals to deter macroscavengers (Janzen, 1977; Shivik, 2006).  As the 
rate of microbial decomposition is typically higher at warmer temperatures, scavenger 
competition with decomposers is increased in summer months or in warmer climates (Shivik, 
2006; Schmitz et al., 2008).   
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 Much of the research on scavenging has focused on carcasses in large nature reserves, 
which experience lower human disturbance than their surrounding environment.  Studies 
conducted in the temperate Bialoweiza forest of Poland found that bison (Bison bonasus) 
carcasses were consumed much more slowly, about 9.3 days to 50% depletion, compared to 
under an hour for comparable ungulate carcasses in warmer African systems (Selva et al., 
2003).  Very cold temperatures limited carrion availability due to freezing of the carcasses, 
whereas the high temperature in warmer systems limited carrion availability to scavengers 
due to increased decomposition (Selva et al., 2003).  The location of the carcasses also 
played a key role in recruiting scavengers; carcasses placed in the open area were consumed 
at faster rates than carcasses under the closed forest canopy, likely due to the fact that they 
were more detectable, especially to avian species (Selva et al., 2003). 
 In the Bialoweiza forest study, grey wolves (Canis lupus) were a keystone species 
because they were needed to open the bison carcasses, thus facilitating the presence of 
scavengers and decreasing competition as more of the carcass was exposed (Selva et al., 
2003).  Similarly, in the greater Yellowstone ecosystem in North America, the reintroduction 
of grey wolves in 1995 led to major shift in the trophic structure; whereas carrion availability 
was previously limited to winters with harsh conditions, the wolves provided a “temporal 
subsidy” to support scavengers.  By making carrion availability relatively consistent 
throughout the year, the wolves may have indirectly led to increased scavenger abundance or 
biodiversity (Wilmers et al., 2003).  In the greater Yellowstone ecosystem, the presence of 
wolves has thus become a primary factor in determining carcass biomass availability. 
 Beyond the role of scavengers in the trophic structure of communities, research is 
also needed to understand the behavior of scavengers, the cues and constraints that reflect 
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scavenging, and the costs and benefits associated with facultative scavenging (DeVault et al., 
2003).  Since carrion availability is unpredictable in natural systems, scavengers often use 
cues provided by other animals to find food (Kruuk, 1967; Houston, 1974; Stahler et al., 
2002), which can enhance foraging efficiency and supplement more direct sensory cues.  In 
temperate forest systems, large, loud flocks of common ravens (Corvus corax) may help 
other scavengers locate carcasses (Selva et al., 2003).  In North America, the common raven 
often associates with grey wolves, and thus is able to discover wolf-killed carcasses almost 
immediately (Stahler et al., 2002).  Coyotes (Canis latrans), which are highly dependent on 
scavenging throughout the winter, have also been observed tracking wolves and feeding on 
carcasses they leave behind (Paquet, 1992).  In Scandanavia, it is believed that the 
recolonization of wolves provided enough carrion to support the subsequent recolonization of 
scavenging wolverines (Gulo gulo) (van Dijk et al., 2008). 
 Although much research on scavengers has been done in largely undisturbed habitats, 
with the growing human population and its subsequent modification of the environment, 
undisturbed habitat is becoming less prevalent globally.  Understanding scavenger behavior 
and foraging patterns in human-influenced settings is clearly important.  Human-induced 
environmental changes can alter vertebrate communities and thus impact scavenging 
ecology, especially in agricultural ecosystems where mesopredators functioning as 
facultative scavengers dominate due to the extirpation of top predators and an increase in 
food availability (DeVault et al., 2011).  With a lower diversity and greater abundance of 
mesopredators serving as facultative scavengers in agricultural areas, there is a shift in the 
competitive balance for carrion relative to undisturbed habitat.  In an experiment using small 
mammal carcasses in an intensive agricultural area in Indiana, vertebrates removed 88% of 
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the carcasses within two weeks, with 93% of the removal by raccoons (Procyon lotor) or 
opossums (Didelphis virginiana) (DeVault et al., 2011).  Other studies have similarly 
observed rapid rates of bird carcass removal by avian facultative scavengers in agricultural 
areas (Peterson et al., 2001).  There are generally higher rates of carcass removals in the 
winter than the summer, and lower rates of scavenging was found at higher temperatures (≥ 
22°C), which may be due to increased competition with decomposers, increased availability 
of other food items during the warmer summer months (DeVault et al., 2011). 
 Other human-induced environmental changes have affected the availability of carrion.  
Bird mortality via electrocution or collision at power lines has increased with the 
development of more extensive electrical distribution systems (Ponce et al., 2011).  Although 
it was difficult to estimate the mortality rate caused by power lines in this study, it is clear 
that the power lines themselves have increased the amount of avian carrion available to 
scavengers in the area (Ponce et al., 2011).  Roads are another anthropogenic feature of 
landscapes that have increased the availability of carrion.  Roads pose a dilemma for 
scavengers, as there are more carcasses present due to collisions with cars, yet the scavengers 
are at risk of being killed as well (Lambertucci et al., 2009).  In another carcass removal 
experiment, Lambertucci et al. (2009) found that carcasses near roads were detected more 
quickly than those placed farther away.  They also found that certain species, including the 
black vulture (Coragyps atratus), were commonly associated with roads whereas other 
species, such as the Andean condor (Vultur gryphus) and the black-chested buzzard eagle 
(Geranoaetus melanoleucus) flew all over the study area but avoided the higher risk roads 
(Lambertucci et al., 2009).  Like power lines, roads are likely to increase in abundance, so 
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those species that avoid scavenging near roads may have difficulties foraging sufficiently 
when carcasses are more likely to be near roads (Lambertucci et al., 2009). 
 Scavengers also perform the ecosystem service of recycling biomass in general and 
particularly livestock carcasses in agricultural settings (Dupont et al., 2011).  In India, the 
decline of vultures has had severe impacts on human health; in the near absence of vultures, 
which had suffered diclofenac poisoning from infected carcasses, the decaying cattle material 
remained on the landscape much longer, which caused an increase in feral dog and other 
human-commensal scavengers and thus the increase in disease spread to humans and 
domestic livestock (Wenny et al., 2011).  As a result of vulture population declines 
worldwide, over half of vulture species are currently listed as threatened or endangered, and 
consequently feeding stations have been established as a conservation effort to supplement 
their natural carrion intake (Deygout et al., 2009).  Though feeding stations have helped 
vulture populations recover, there is the possibility that the birds may become too dependent 
on the regularly stocked feeding stations, which may have negative impacts on vulture 
behavior and ecology (Deygout et al., 2009).  There is also concern about enhancing non-
target species.  The regularly available carrion at the vulture stations has increased facultative 
scavenger abundance, which has subsequently led to an increase in nest predation on ground-
nesting species in the immediate area (Cortés-Avizanda et al., 2009).  It is thus important that 
the indirect effects of these feeding stations are taken into account in regards to protection of 
vulnerable ground-nesting species (Cortés-Avizanda et al., 2009).  However, feeding stations 
have highlighted the important service that vultures provide, leading to a positive public 
image of vultures and recognition from the farmers of the services the birds provide 
(Deygout et al., 2009).   Clearly the location of those feeding stations is crucial when other 
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species are consequently put in danger due to increased abundance of non-target facultative 
scavengers (Cortés-Avizanda et al., 2009). 
 
Composting 
 Another human activity that directly enhances the availability of food items for 
scavengers is composting.  The practice of composting, or recycling organic material, is an 
important and environmentally sound means of solid waste reduction.  Food scraps and yard 
trimmings account for roughly 27% of solid waste stream in the US, with food scraps 
representing the largest category of solid waste reaching landfills and incinerators (EPA, 
2011).  Anaerobic decomposition of organic matter within landfills leads to production of 
methane, a potent greenhouse gas (EPA, 2011).  Compost is thus an effective means of 
reducing solid waste and is a product for reforestation, restoration of wetlands, and for use as 
fertilizer in agricultural fields or gardens.  In addition to its environmental benefits, 
composting is inexpensive for citizens, as many cities now charge for refuse disposal based 
on the volume or mass of garbage in part to offset costs of soil, water, and air pollution 
technologies.  As a result of its benefits, residential composting has increased in recent years. 
 Traditionally, compost has comprised of only vegetable-based products and 
occasionally eggshells, largely due to a widely stated but untested claim that the addition of 
animal-based kitchen scraps will increase wildlife visitation to compost piles (Royte, 2005; 
EPA, 2011).  The present study is the first experimental test of this claim.  By comparing the 
wildlife visitation to piles containing either only vegetable material, a mix of animal and 
vegetable material, or no kitchen scraps, and monitored with heat- and motion-sensitive 
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cameras (Sanderson and Trolle, 2005; Kays and Slauson, 2008), we aim to provide solid 
experimental evidence to shed light on this claim. 
 
Wildlife Visitation to Compost Piles 
 Our experimental investigation of wildlife visitation to compost piles began in the 
winter/spring season of 2008.  In the four years since, a total 29 species of mammals and 
birds have been detected.  The piles have attracted the obligate scavenger the turkey vulture 
(Cathartes aura), as well as a wide range of facultative scavengers like raccoons (Procyon 
lotor), opossums (Didelphis virginiana), American crows (Corvus brachyrhynchos), and red-
shouldered hawks (Buteo lineatus).  As a well-studied North American raptor, the red-
shouldered hawk was used as the focal species of this thesis in an attempt to understand its 
foraging behavior at the compost piles. 
 
Red-shouldered hawks 
 
 Red-shouldered hawks are common raptors in parts of North America.  They are 
generally found in moist woodlands or mature riparian forests during the breeding and 
nesting season (Stewart, 1949; Portnoy and Dodge, 1979; Morrison et al., 2007), although 
they have also been documented nesting in upland forests and suburban areas in large, 
mature trees (Morrison et al., 2007).  During the winter, red-shouldered hawks often inhabit 
more open areas (Clark and Wheeler, 2001).  Abundant in Florida, there the red-shouldered 
hawk frequents similar habitats as it does in the Northeast: pine forests, prairies, marshes, 
riverbeds, and swamps near lakes (Nicholson, 1930).  In Georgia, they consistently show a 
preference for bottomland hardwood forests, although they will utilize upland hardwoods if 
available (Howell and Chapman, 1997). 
 9 
 Relative to other raptors, red-shouldered hawks are reported to have a broad, but 
strictly carnivorous, diet.  They feed mostly on small mammals, including the white-footed 
mouse (Peromyscus leucopus), voles (Microtus spp.), and chipmunks (Tamias striatus) 
(Stewart, 1949; Penak, 1982; Welch, 1987; Bosakowski and Smith, 1991; Sibley, 2001; 
Dykstra et al., 2003), as well as reptiles, amphibians, birds, and invertebrates (Stewart, 1949; 
Bosakowski and Smith, 1991).  In one study, Stewart (1949) found a total of 23 different 
species of prey items in the pellets or nests of red-shouldered hawks, providing evidence of 
their diverse diet.  The hawk’s generalized diet allows it to adapt to changes in prey 
availability (Bednarz, 1979), as its diet has been found to vary widely between locations and 
seasons.  In riparian zones, red-shouldered hawks were found to feed on significantly fewer 
invertebrates (Dykstra et al., 2003).  In years of higher rainfall, Bednarz (1979) found that 
red-shouldered hawks in Iowa took in higher proportions of amphibians.  Penak (1982) 
demonstrated temporal variation in red-shouldered hawk diet.  He found that between two 
breeding seasons, there was a difference in the proportion of small mammals in the hawk’s 
diet, suggesting that the hawk fed opportunistically on available food items. 
 Although red-shouldered hawks are carnivores, pellet analysis has revealed minor 
traces of vegetable matter.  Welch (1987) believes this to be a case of unintentional 
contamination, as the prey bought back to the nests may have small scraps of plant material 
adhering to them. Furthermore, red-shouldered hawks incorporate plant matter in nest 
building, which could account for its presence in the pellets (Dykstra et al., 2009). 
 Red-shouldered hawks, like other raptors, have long been considered solitary 
predators, and due to limited observations of predatory behavior, the use of cooperative 
hunting may actually be underemphasized.  Red-shouldered hawks are opportunistic, sit-and-
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wait predators that usually drop down on prey from inconspicuous perches low to the ground, 
such as fences, tree snaps, and electrical poles (Clark and Wheeler, 2001; Riehl, 2002).  They 
forage along edges of ditches or wetlands and open areas in the winter months (Morrison et 
al., 2007).  Red-shouldered hawks have also been observed hunting in pairs (Bent, 1937).  
The foraging patterns of the red-shouldered hawk scavenging from compost piles will be 
highlighted in this current study. 
 
Avian scavenger interactions 
 Shared use of resources sets the stage for potential interactions among scavengers.  
Turkey vultures (Carthartes aura) are common avian scavengers in North America.  Because 
of their acute sense of smell, turkey vultures can find carrion relatively quickly, even if it is 
hidden from sight (Buckley, 1996).  Turkey vultures may aid other species of scavengers in 
finding food, such as coyotes (Canis latrans) and black vultures (Coragyps atratus) (Prior 
and Weatherhead, 1990).  Conversely, American crows have also provided local 
enhancement as their large flocks at carrion sources inadvertently aids turkey vultures in 
locating carrion.  Turkey vultures cue in on crow feeding activity and consistently found 
carrion faster when crows were present (Prior and Weatherhead, 1990).  Due to their 
subordinate role, however, crows are not considered strong competitors and are often 
displaced by turkey vultures (Prior and Weatherhead, 1990). 
 On the other hand, crows have been able to display flock advantage against species 
that might otherwise outcompete them.  In the winter months especially, larger birds like 
crows and hawks are likely to compete with each other for limited food resources such as 
animal carcasses.  In an experiment by Langley (2001) in which carcasses were placed along 
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a country road in Wichita, Kansas, American crow flocks of 20-30 were more likely to 
outcompete red-tailed hawks at “road kills” then were crows in flocks of only 4-6 birds. 
 Large flocks and mixed-species flocks offer a variety of benefits, including 
socialization and protection from predators (Alves and Cavalcanti, 1996).  Crows practice 
sentinel behavior, in which several crows arrive at a location before the rest of the flock and 
perch on high points to look out against predators or other threats (Conner et al., 1974).  
Even when no threats were visible, the sentinel crows called out from their perches (Conner 
et al., 1974).  In a series of observations along a landfill in Virginia, common ravens (Corvus 
corax) never entered the site until the sentinel crows were in position and other crows were 
already feeding.  It is likely that the ravens adjusted their foraging behavior to rely on the 
sentinel crows to exploit more safely a potentially dangerous food source (Conner et al., 
1974). 
 Large flocks also allow subordinate species, like crows, to compete with larger birds 
for food.  Crows have been observed acting cooperatively via mobbing to obtain food from 
other larger birds (Genelly et al., 1964; Kilham, 1984; Langley, 2001).  Mobbing consists of 
harassing the other bird, calling out, and flying around it in groups to get the competitor to 
give up its prey item or leave a particular area, and simultaneously draws attention to the 
predator (Kilham, 1984).  In most cases of mobbing, one individual obtains the food source 
the group has fought over, highlighting the cooperative aspect of the mobbing behavior 
(Genelly et al., 1964; Kilham, 1984).  Territorial dominance, especially during the breeding 
season, also increases avian competition by restricting other individuals or species from 
scavenging within a breeding pair’s territory.  As crows are known to be particularly 
territorial, this may increase the incidents of mobbing (Hewson, 1981). 
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Scope of This Thesis 
 Monitoring of wildlife visitation to our experimental compost piles allows us to study 
interactions between scavengers.  This thesis will begin by establishing general trends of 
diurnal visitors to the compost piles.  I will then focus on the red-shouldered hawk, the most 
common raptor visitor.  First I will demonstrate the compost pile preference and seasonal 
visitation patterns of the hawks.  Next, the association between compost foraging red-
shouldered hawks and American crows will be demonstrated.  A series of adaptive 
hypotheses to explain the basis of this interspecific association is then presented.  Additional 
analyses of the interactions of the two species are then conducted to discount certain of these 
hypotheses.  Furthermore, I attempt to explain a novel observation of a red-shouldered hawk 
consuming vegetable matter.  I hypothesized the hawk’s attraction to the vegetable only pile 
is primarily due to the presence of small mammal prey items, which are themselves attracted 
to the pile.   I conclude with the analysis of hair tube sampling as a measure of small 
mammal activity at both the compost piles and nearby non-pile locations. 
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III.  METHODS 
 
Study site 
 The field site for this study was located in Andover, Connecticut (on the Smedleys’ 
property, 102 Wales Rd), an area with a current land use designation of rural-residential and 
a human population density of 82.6/km2 according to 2010 census (Connecticut Department 
of Energy and Environmental Protection 2012).  The site’s habitat is secondary growth, 
temperate deciduous forest dominated by sugar maple (Acer saccharum), red maple (Acer 
rubrum), white oak (Quercus alba), red oak (Quercus rubra), quaking aspen (Populus 
tremuloides), white ash (Fraxinus americanus), American beech (Fagus grandifolia), birch 
(Betula spp.), and eastern hemlock (Tsuga canadensis).  The site’s previous land use history 
included dairy farming until the mid-1900s. 
 Within the site, each of the experimental compost piles was situated in a wooded area 
adjacent to a residential yard, thus mimicking the typical placement of compost piles in a 
suburban/rural area.  The three piles (Fig.1) were located along a north-south axis, with their 
positions referred to as North (N), Central (C), and South (S).  The N pile (N41.74214° 
W72.39219°) was located behind a neighbor’s yard to the north (120 Wales Rd), the C pile 
(N41.74101° W72.39187°) was located behind the Smedleys’ yard, and the S pile 
(N41.73952° W72.39137°) was located behind a neighbor’s yard to the south (94 Wales Rd). 
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Figure 1. Aerial map of the locations of the three experimental compost piles in Andover, 
Connecticut.  Pile sites are designated North (N), Central (C), and South (S).  Note that each pile is 
situated in a wooded location, adjacent to a residential yard. 
 
 
Experimental Setup and Maintenance of Compost Piles 
 The compost piles were constructed using leaf mulch (approximately 240 l) as a base 
at the start of each replicate.  The piles were then covered with straw to create a uniform 
appearance. 
 The compost material for the piles varied based on treatment (see Appendix 1 for 
representative materials).  The pile containing only vegetable matter (VEG) received 3.6 kg 
of vegetable-based kitchen scraps at every provisioning.  The pile containing both vegetable- 
and animal-based products (MIX) received 1.8 kg vegetable and 1.8 kg animal scraps.  
During a given provisioning period the composition of the vegetable material supplied to the 
VEG and MIX piles was the identical, but maintained in a ratio of 2:1 (VEG:MIX).  This 
ensured that potential differences in wildlife visitation between these two piles were due to 
N 
C 
 S 
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factors other than variation in the type of vegetable scraps that they received.  The control 
pile (CON) did not have any kitchen scraps added, but otherwise was manipulated identically 
to the VEG and MIX piles (see below).  The compost materials were weighed out using a 
high-capacity, precision balance (Mettler Toledo SB8000) and placed into garbage bags (13-
gallon) for transport to the respective pile.   
 Compost materials were acquired on an approximately weekly basis from Trinity’s 
Mather Dining Hall (Chartwells) and the Smedley household.  The compost acquired from 
Mather was stored in a refrigerated room (12° C) until taken out into the field.  The Smedley 
compost material was added to the samples first as it typically contained a more diverse 
range of products and more closely reflected the food products that would be added to a 
residential compost pile; the more homogenous Mather materials were used as a supplement. 
 Pile provisioning took place every six days to simulate a typical household 
composting schedule and to minimize the correlation of provisioning with exogenous 
variables that may occur on a weekly basis (i.e., a regularly scheduled garbage pick-up).  
Next, in a random order, the compost piles were provisioned.  Upon arriving at the pile, the 
cameras (see camera description below) were triggered to generate “test” images. The NEAR 
VIDEO camera was then masked (with an opaque plastic box) to prevent recording of an 
extensive series of researcher activity at the pile.  The level of visible disturbance was noted 
as “no disturbance” (0% pile surface uncovered), “light” (1-25% surface uncovered, 
including exploratory holes left when scavenger snouts were probed into the pile), 
“moderate” (25-50% surface uncovered) or “major” (>50% surface uncovered), allowing for 
a rough reflection of scavenger activity at the pile.  The pile was then raked out to create a 
hole for the new compost material that was added and mixed thoroughly, which was 
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especially important at the MIX pile since it contains both animal and vegetable products.  
The piles were then reassembled and blanketed with a fresh layer of straw to mimic the 
practice of covering the added material. 
 There were three replicates per year taking place from approximately early February 
to early May (“winter/spring”), late May to early August (“summer”), and early September to 
mid December (“fall”) (Fig. 2).  The duration of each replicate ranged from 69 to 90 days 
(Table 1). At the end of each replicate, the piles were broken down and a roughly month-long 
fallow period followed before the next replicate began in order to allow any odors or 
materials from the previous replicate to dissipate. 
 
 
Figure 2. Sampling periods of the year 2009 as a representative of a typical year.  Fallow periods 
represent periods between replicates when no sampling took place (January 1-26, April 22-June 3, 
August 21-September 17, and December 12-31). 
 
Fallow 
R4 (1/27-4/21) 
R5 (6/3-8/20) 
R6 (9/18-12/11) 
1 January 
1 July  
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Table 1. Season, start and end dates, and duration of all replicates. R1-R4 included data exclusion 
periods resulting from camera malfunctions, so sampling period reflects the number of days where all 
three cameras were functional simultaneously. R12 and R13 image data not used in the analyses of 
this thesis. R1-R7 employed TrailMAC digital scouting cameras; R8-R13 employed Reconyx 
Hyperfire PC800 cameras. *R7 was discontinued due to extensive camera malfunctions, and therefore 
is not included in the analyses. 
 
 
Replicate 
 
 
Season 
 
 
Start date 
 
 
End date 
 
Duration 
(days) 
Exclusion 
period 
(days) 
 
Sampling 
period (days) 
R1 Winter/Spring 2/9/08 4/18/08 69 9.8 59.2 
R2 Summer 5/31/08 8/17/08 78 10.6 67.4 
R3 Fall 9/15/08 12/14/08 90 6.5 84.9 
R4 Winter/Spring 1/27/09 4/21/09 84 3.6 80.4 
R5 Summer 6/3/09 8/20/09 78 0 78 
R6 Fall 9/18/09 12/11/09 84 0 84 
R7* Winter/Spring 2/12/10 4/10/10 --- --- --- 
R8 Summer 6/3/10 8/20/10 78 0 78 
R9 Fall 9/21/10 12/20/10 90 0 90 
R10 Winter/Spring 2/6/11 5/9/11 90 0 90 
R11 Summer 5/31/11 8/19/11 80 0 80 
R12 Fall 9/22/11 12/21/11 90 0 90 
R13 Winter/Spring 2/4/12 5/4/12 90 0 90 
 
 
 
Small Mammal Hair Tubes 
 During R13 (Winter/Spring 2012), the presence of small mammals, particularly the 
white-footed mouse (Peromyscys leucopus), was tested at the compost piles.  Hair tubes, 
based loosely on the design of Schwingel and Norment (2010) were placed in the compost 
piles and within two nearby stonewalls.  The stonewalls were selected for comparison, given 
that they are established sites of small mammal activity within the region’s forests (Godin 
1977).  Hair tubes (Fig. 3) were constructed using 1-1/4 inch (3.3 cm) polyvinyl chloride 
(PVC) piping of 10 cm length, in which a strip of double-sided Duck brand™ light traffic 
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carpet tape (3.6 cm x 8 cm) was placed to pick up any hair deposited by small mammals that 
entered the tube.  This tube was fit into a second, slightly larger tube with a bushing to 
connect the 1-1/4 inch PVC pipe to a 2 inch (5.08 cm) PVC pipe so that a 2 inch concave cap 
could be attached at the other end.  A plastic vial cap (1 cm x 2.5 cm) was attached to the 
inside of the end cap and held the bait (a mixture of 75 g smooth peanut butter, 50 g oats, and 
10 g honey).  In addition, all baited tubes also received a small pellet of lab mouse chow 
(PMI Nutrition Lab Diet 5001 Rodent Chow). 
A  
B       C  
Figure 3. Final design of hair tube. A) Assembled hair tube; B) separated components of hair tube. 
The piece on the right was the 1-1/4 inch PVC pipe with the double-sided tape (inserted along inner 
surface at junction with middle piece) and the cap on the left held the bait; C) view of interior surface 
PVC cap (piece on left in B); bait was placed in the smaller vial cap fixed within the bottom of the 
PVC cap. Scale bar in B = 5 cm. 
 
After lack of evidence of hair tube use in the first 12 days, four 4.8 mm holes were 
drilled into the plastic cap with the assumption that increased air flow through the tubes may 
make them more welcoming to small mammals and may help spread the smell of the bait.  
The tubes were spray-painted gray and brown, in a camouflage pattern, so as to be less 
conspicuous in the environment and reduce the visual contrast of typical small mammal 
against the white surface of the unpainted PVC pipe.  After documentation of hair tube 
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removal by coyotes (Canis latrans), an eyebolt was added to the middle piece to allow 
insertion of a spring clip to secure the hair tubes to sections of iron pipe driven into the 
ground.   Four hair tubes were placed within each of the three piles at the four cardinal 
directions and only the very ends of the tubes were visible, as to minimize their effects on the 
compost pile. 
Initially half of the tubes were baited to ensure minimum impacts on other animals 
visiting the compost pile and to minimize any confounding attraction to the piles due to the 
bait.  However, after lack of rodent activity in the first month, all of the tubes were baited. 
 In addition, the eight tubes (later seven after a tube was lost) that were placed along 
two were each equipped with a Reconyx Hyperfire PC800 camera set to same settings as the 
NEAR VIDEO cameras (see below) at the compost piles.  The resulting images were used to 
identify the small mammals that were visiting the tubes. 
 
Wildlife Monitoring Cameras 
 For the first six temporal replicates (subsequently referred to as R1-R6; Table 1), each 
pile was equipped with one TrailMAC digital scouting camera.  Each camera held a 128 MB 
memory card for storing images.  The cameras were heat- and motion-sensitive (triggered by 
movement of an object warmer than ambient temperature) and were set (Appendix 2) to 
capture an image every time it was triggered with a one-minute interval between subsequent 
pictures, a setting referred to as “STILL”.  The cameras were attached to trees approximately 
3 m from the piles at a height approximately 0.7 m above the ground. 
 For replicates R8-R13, piles were equipped with two heat- and motion-sensitive 
Reconyx Hyperfire P800 cameras at the same distance from the piles and height from the 
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ground as in the earlier replicates. One camera was set to achieve the effect of the previously 
described STILL settings.  The second camera, referred to as the “NEAR VIDEO” camera, 
recorded a series of 10 pictures, in rapid secession (approximately 1 image/sec), each time it 
sensed heat or motion, with no delay between the 10-picture series, provided the sensor was 
stimulated (Appendix 2).  These near-video images thus permit behavioral analysis of the 
wildlife visitors to the compost piles.  The NEAR VIDEO cameras were equipped with 16 
GB SDHD memory cards as they captured considerably more images than the STILL 
cameras (equipped with 4 GB SDHD cards).  All cameras also had four desiccant tubes to 
protect their electronics from humidity, and these tubes were replaced every six days during 
the provisioning of the piles. 
 The camera status (total number of images captured, percent memory card full, 
percent battery capacity remaining) was recorded every six days during provisioning to avert 
any camera-related issues (i.e., memory cards nearing capacity or low batteries).  The 
cameras were then re-armed and triggered to confirm their functioning after the provisioning 
was complete.   
 Roughly every four weeks, or twice during each replicate, the cameras were rotated 
between pile treatments, and memory cards were replaced.  The former was done to control 
for any unintended variables inherent to the cameras themselves (i.e., if one camera happened 
to be more sensitive than another). 
 
Analyses of STILL Images 
 The images and their corresponding metadata were obtained from the SDHD memory 
cards from each camera using Reconyx MapView Professional Version 3.1.2080 software.  
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The metadata were used to rename files into the standard format for the experiment. Images 
were stored on the Trinity College server (smb://tbos.tc.trincoll.edu/projects/smedley). 
 The objective of the first phase of the image analysis was to identify and quantify the 
animals in each image using Microsoft Excel.  Each member of the lab independently viewed 
each image and completed a spreadsheet containing the image file name, description of the 
animal visitor.  Identifications were based on the study’s on-line Field Guide to Compost 
Visitors (http://commons.trincoll.edu/compostvisitation).  The descriptions followed the 
format of “animal number” (i.e, “raccoon 1” or “crow 5”), which were limited by 
predetermined validation codes to prevent errors in data entry.   At the end of this process, 
each member’s analysis was combined into a single Microsoft Excel file that automatically 
identified discrepancies, which were then resolved by consensus within the lab group. 
 The goal of the second phase was to determine the number of “independent 
encounters” (“IE”) by the various visitor species.  Encounters were categorized as 
independent when there was a minimum of 30 min between images of the same species.  If 
multiple images of the same species occurred within 30 min of each other, the first image or 
the image with the greatest number of individuals was recorded as “IE” and all other images 
in the series were recorded as “non-independent encounters” (“NE”). Further details on these 
procedures and examples are provided in Appendix 3. 
 In addition, images were categorized as having been captured during day or night 
using astronomical data for Willimantic, Connecticut available from the United States Naval 
Observatory (http://www.usno.navy.mil/USNO/astronomical-applications/data-services/rs-
one-year-world). This database delineates civil twilight, which lasts from when the sun is 6° 
below the horizon to sunrise and again from sunset to when the sun is  6° below the horizon.  
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Throughout these two periods, there is typically enough ambient light for diurnal animals to 
be active.  Thus civil twilight provides a more ecologically relevant basis for day/night 
categorization than do sunrise and sunset times.  Time stamps from each image were 
automatically compared to the local civil twilight data in an Excel array to categorize each 
image as day or night. 
 
 
Statistical Analyses 
 A Microsoft Excel spreadsheet with an array of conditional formulas automatically 
tallied the total number of independent encounters of each species per replicate.  To test for 
an association between the number of red-shouldered hawk independent encounters and pile 
treatment or the season, a chi-squared goodness-of-fit test (α = 0.05) was performed (Vassar 
Stats).   
To test whether encounters of red-shouldered hawks versus the other diurnal species 
combined coincided with encounters of crows, a 2x2 contingency table was employed using 
the chi-squared statistic (Yates’ Correction for Continuity, d.f. =1; GraphPad Prism Version 
5.0d).  A similar approach was used to establish whether or not there was an association of 
encounters of red-shouldered hawks versus the other diurnal species combined and the 
presence or absence of crows in the 5 min preceding the encounter.  Furthermore, this 
approach was used to establish whether or not there was an association of encounters of 
crows versus the other diurnal species combined and the presence or absence of hawks in the 
5 min preceding the encounter. 
A Kolmogrov-Smirnov one sample test (Vassar Stats: http://vassarstats.net) was 
performed as a goodness-of-fit test to determine if the crows and red-shouldered hawks were 
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attracted to the piles independently as a common resource.  The observed frequencies were 
the frequencies of red-shouldered hawk encounters with and without crows present.  The 
expected proportions (reflecting the null hypothesis that red-shouldered hawk visitation was 
independent of that of the crows) were calculated by dividing the sum of the number of 
minutes in which crows were present at the three piles on each day by the total amount of 
daylight minutes, as determined by the civil twilight data.  Subtracting that proportion from 
one yielded the proportion of the daytime period without crows. 
 The duration of an encounter was calculated by subtracting the final image of the 
series from the initial image of the series.  Independent encounters represented by strictly 
single image were assigned a duration of 1 min.  To compare the duration of red-shouldered 
hawks encounters with or without crows present, a Mann-Whitney U test (GraphPad Prism) 
compared the medians of two unmatched samples at α = 0.05.  The duration of crow 
independent encounters with or without red-shouldered hawks present were compared in the 
same manner. 
 To test whether the portion of hair tubes with bait removal by small mammals 
differed for the tubes located in the compost piles versus those near the stonewall, a 
Wilcoxon Signed Rank Test (GraphPad Prism).was employed, based on paired data for 
twelve 6-day periods in R13.  
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IV.  RESULTS 
 
 Twenty-nine wildlife species (13 birds and 16 mammals) were identified at the 
compost piles during the first ten replicates (R1-R6, R8-R11).  Of these, 24 species were 
considered diurnal visitors, attending the piles at least once during the period categorized as 
daytime (Fig. 4).  The American crow was by far the most common diurnal visitor with 3189 
independent encounters.   The red-shouldered hawk was the fifth most common diurnal 
visitor with 47 independent encounters.   
 During these replicates, the response of the various visiting species combined 
typically showed a preference for the MIX pile among over the two others.  Visitation by the 
red-shouldered hawk (Fig. 5) reflected this preference for the MIX pile (40 independent 
encounters) over the VEG (6 independent encounters) and CON (1 independent encounter) 
piles.  Visitation of red-shouldered hawks to the compost piles showed a distinct seasonality 
(Fig. 6) with significantly more visits in the winter/spring season (31 independent 
encounters) than the fall (13 independent encounters), and the least in the summer (3 
independent encounters). 
 Red-shouldered hawk visitation to the compost piles, when compared to the other 
species of diurnal visitors, was strongly associated with the simultaneous presence of 
American crows (Fig. 7, Table 2): 63.8% of red-shouldered hawk encounters were 
accompanied by American crows compared to only 6.5% of other diurnal visitors occurred in 
the presence of crows.   Although crows were clearly the most abundant diurnal visitors, 
crow encounters represented only a small fraction (0.6%) of the overall daytime period 
available for their visitation.  Thus during the vast majority (99.4%) of the daytime, crows 
were not present at the piles.  These proportions provided the basis for a second test of the 
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association between the red-shouldered hawk and crows.  If the co-occurrence of these two 
species at the compost piles stems simply from their independent use of a shared resource, 
then, as a null hypothesis, one would expect the majority of red-shouldered hawk encounters 
to take place in the 99.4% of the overall daytime period during which crows were not 
present.  The observed frequency of red-shoulder hawk encounters, however, distinctly 
follows the opposite pattern, with the vast majority occurring during the period when crows 
were also present (Fig. 7; Kolmogrov-Smirnov test, Dmax = 0.32, n = 47, P < 0.005).  
Independent encounters of red-shouldered hawks were significantly longer when 
American crows were present than when they were absent (Fig. 8).  Compared to encounters 
of other species of diurnal visitors, significantly more red-shouldered hawk encounters 
occurred when crows were present at the pile in the preceding 5 min (Table 3).  Similarly, 
American crow encounters with red-shouldered hawks present were significantly longer than 
their encounters without the hawks present (Fig. 9).  However, when compared to the 
encounters of other species of diurnal visitors, encounters of crows at the piles showed no 
association with the presence red-shouldered hawks at the piles in the preceding 5 min (Table 
4). 
 Analysis of the behavior of a red-shouldered hawk foraging at the VEG pile on 5 
March 2011 (Fig. 10; A Field Guide to Compost Visitors: 
http://commons.trincoll.edu/compostvisitation/birds/red-shouldered-hawk-buteo-lineatus) 
revealed that the bird was consuming vegetable matter (red cabbage).  As an attempt to 
understand this unusual behavior, during the subsequent winter/spring replicate (R13) small 
mammal activity was assessed at the piles to see whether the presence of these more typical 
prey items could be the principal factor accounting for red-shouldered hawk attraction to the 
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VEG pile, potentially leading to the secondary consumption of vegetable matter.  Small 
mammal activity, as reflected by the proportion of bait removed from the hair tubes, was 
lower at the compost piles than around nearby stonewalls (Fig. 11).  NEAR VIDEO images 
from the stonewall hair tubes indicated that Peromyscus leucopus was solely responsible for 
bait remove from those tubes and that all visits by this rodent took place at night. 
 
 
Figure 4. Frequency of independent encounters (over 10 replicates) at the compost piles of A) the 
American crow and gray squirrel, and B) the next five most common diurnal visitors separately and 
the total of the remaining species of visitors (n=17 species) combined. 
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Figure 5. Frequency of independent encounters of red-shouldered hawks in relation to compost pile 
treatment.  Red-shouldered hawks visited the MIX pile (40 independent encounters) significantly 
more often than the VEG (6) or CON (1) piles over all replicates (goodness-of-fit test with a null 
hypothesis of random visitation; χ2 = 63.16, df = 2, P < 0.0001). Total number of independent hawk 
encounters was 47; n = 10 replicates. 
 
 
 
 
Figure 6. Frequency of independent encounters of red-shouldered hawks at all three compost piles in 
relation to season (goodness-of-fit test with a null hypothesis of random visitation; χ2 = 25.7, df = 2, P 
< 0.0001). Total number of independent hawk encounters was 47; n = 10 replicates. 
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Figure 7. Frequency of independent encounters of the red-shouldered hawk at the compost piles with 
and without American crows present, n = 47 independent red-shouldered hawk encounters.  
Corresponding contingency analysis (Table 2). 
 
 
Table 2. Frequency of independent red-shouldered hawk encounters with crows present at the piles 
compared with all other diurnal visitors (n = 23 spp.).  Expected values are in parentheses.  Results of 
2x2 contingency analysis revealed that there was a significant association between red-shouldered 
hawk encounters and the presence of crows (χ2 = 180.6, df = 1, P < 0.0001; Fisher’s exact P < 
0.0001). 
  
# Independent 
encounters with 
crows 
# Independent 
encounters without 
crows Total 
Red-shouldered hawk 30 (4.1) 17 (42.9) 47 
Other diurnal visitors 82 (107.9) 1165 (1139.1) 1247 
Total 112 1182 1294 
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Figure 8. Duration (mean ± 1 S.E.) of independent encounters of red-shouldered hawks in relation to 
the presence or absence of crows at the pile.  Red-shouldered hawk encounters were significantly 
longer with crows (median = 1.5 min), than without crows (median =1.0 min) at the compost piles (U 
= 138.0, P = 0.0023).  Sample size indicated above error bar. 
 
 
 
Table 3. Frequency of independent red-shouldered hawk encounters with crows present in the 
preceding 5 min compared to all other diurnal visitors (n = 23 spp.).  Expected values are in 
parentheses.  Results of 2x2 contingency analysis revealed a significant association between red-
shouldered hawk encounters and the presences of crows in the preceding 5 min (χ2 = 140.5, df = 1, P 
< 0.0001; Fisher’s exact P < 0.0001). 
 
  
# Independent 
encounters with crows 
in preceding 5-min 
window 
# Independent 
encounters without 
crows in preceding 
5-min window Total 
Red-shouldered hawk 
 
 
27 (4.1) 20 (42.9) 47 
Other diurnal visitors 85 (107.9) 1162 (1139.1) 1247 
Total 112 1182 1294 
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Figure 9. Duration (mean ± 1 S.E.) of independent encounters of American crows in relation to the 
presence or absence of red-shouldered hawks (RSH) at the pile.  American crow encounters were 
significantly longer with red-shouldered hawks present (median = 52.50 min) than without hawks 
present (median = 4.0 min) at the compost piles (U = 4962, P < 0.0001). Sample size indicated above 
error bars. 
 
 
 
 
Table 4. Frequency of independent American crow encounters with red-shouldered hawks (RSH) 
present in the preceding 5 min compared to all other diurnal visitors (n = 23 spp.).  Expected values 
are in parentheses.  No association was found between American crow encounters and the presences 
of red-shouldered hawks in the preceding 5 min (χ2 = 0.8125, df = 1, P = 0.3674).   
  
# Independent 
encounters with RSH in 
preceding 5-min window 
# Independent 
encounters without RSH 
in preceding 5-min 
window 
Total 
American crow 5 (2.8) 3184 (2486.4) 3189 
Other diurnal 
visitors 
0 (1.1) 1247 (972.3) 1247 
Total 5 4431 5683 
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Figure 10. Composite of STILL images recorded during R10 at VEG pile between 9:38:22 AM and 
9:48:49 AM on 5 March 2011, documenting a red-shouldered hawk feeding on red cabbage. Note 
presence of crows in several images. 
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Figure 11. Proportion (mean  ± 1 S.E.) of hair tubes with bait removed across the first twelve 6-day 
provisioning cycles  (04 February to 16 April 2012) during R13.  Significantly more bait was 
removed from the tubes near the stonewall (median = 0.57) than from those in the compost piles 
(median = 0.00) (Wilcoxon’s test: W = -28.00, P = 0.0223).  Sample size = 12 pairs. 
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V.  DISCUSSION 
Red-shouldered hawk observed more frequently at MIX pile and in winter/spring 
 The red-shouldered hawk displayed a preference for the MIX pile over the VEG and 
CON piles (Fig. 5), which was consistent with overall increased wildlife visitation to the 
MIX pile.  As the red-shouldered hawk is reported to be a strict carnivore (Stewart, 1949; 
Penak, 1982; Welch, 1987; Bosakowski and Smith, 1991; Sibley, 2001; Dykstra et al., 2003), 
it is not surprising that it preferred the MIX pile, the only pile that contained animal-based 
kitchen scraps.  Relative to sympatric raptors, the red-shouldered hawk has the most general 
dietary range (Bosakowski and Smith, 1991).  In addition to live animal prey, they have been 
observed scavenging on carrion in the form of both experimentally placed rodent (DeVault et 
al., 2004) and bird (Lyon, 1981) carcasses and those occurring naturally (Dykstra et al., 
2003; Pranty, 2002).  Our study is the first documentation of the red-shouldered hawk, an 
opportunistic generalist, scavenging from compost piles, an increasingly common 
anthropogenic resource in residential areas. 
 Additionally, we observed a distinct seasonality to red-shouldered hawk compost 
foraging, with more visits in the winter/spring season than either the summer or the fall (Fig. 
6).  Natural resources tend to be lower during the late winter and early spring and the energy 
budgets of endotherms are particularly challenged when temperatures are low. Together these 
factors likely lead to our observation of higher numbers of red-shouldered hawk encounters 
during this time of the year.  As prey resources are more limited under harsh winter 
conditions, scavenging becomes critical to the survival of facultative scavengers (Selva et al., 
2003; Wilmers et al., 2003; Selva and Cortés-Avizanda, 2009).  For example, during times of 
severe snowfall, hunting for small mammals becomes extremely difficult as many species of 
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mice and voles frequent the subnivean zone (Sanecki and Green, 2005; Schwingel and 
Norment, 2010), minimizing their access to predators.  Thus, red-shouldered hawks are more 
likely to scavenge at the compost piles in the winter/spring if prey is relatively inaccessible. 
 
Association between red-shouldered hawk and American crow 
 The American crow was by far the most frequent diurnal visitor to the compost piles 
(Fig. 4) as compared with the other 22 species of diurnal visitors.  The red-shouldered hawk 
showed a significant association with the American crow at the compost piles (Figs. 7, 10; 
Table 2).  As an attempt to explain this association, I have developed a series of hypotheses 
(Table 5). 
 35 
 
Table 5. Summary of hypotheses explaining the association of red-shouldered hawks and crows at 
compost piles and corresponding, with reference to relevant data in Results section. 
 
 
Hypothesis 
Implications 
of Results 
 
Reference 
1 Red-shouldered hawks and crows are attracted to the 
compost pile independently as a common resource 
Refuted Fig. 7 
2 Red-shouldered hawks are attracted to the compost 
piles because of the presence of crows 
 
                      Adaptive Explanation 
Supported Table 3 
 2a. Red-shouldered hawks are attracted to the compost 
piles to mob crows 
Refuted Fig. 9 
 2b. Red-shouldered hawks are attracted to the compost 
piles by crows to enhance foraging 
Neither 
refuted nor 
directly 
supported 
  
3 Crows are attracted to the compost piles because of the 
presence of red-shouldered hawks 
 
                     Adaptive Explanation  
Refuted Table 4 
 3a. Crows are attracted to the compost piles to mob 
red-shouldered hawks 
Refuted Fig. 8 
  3b. Crows are attracted to compost piles by red-
shouldered hawks to enhance foraging 
Refuted   
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Hypothesis 1: Red-shouldered hawks and American crows independently use a shared 
resource 
 This hypothesis (Table 5, #1) considers that the observed association between the red-
shouldered hawk and American crow is simply the result of their independent attraction to a 
common resource, the compost pile.  Although the crows were the most abundant diurnal 
visitor, their occupancy at the piles represents less than 1% of the of the total diurnal period 
across the ten replicates examined, leaving more than 99% of the diurnal period at the piles 
without the presence of crows.  Therefore, if the red-shouldered hawks indeed foraged at the 
piles independently of the crows, we would expect that the majority of visits by the diurnal 
hawk would occur during the portion of the overall daytime period defined by the absence of 
crows.  This, however, is not the case: the vast majority of the red-shouldered hawk 
encounters occurred in the presence of crows (Fig. 7).  Our data therefore discount 
Hypothesis 1; that red-shouldered hawks and American crows are attracted to the piles 
independently of one another.  This leaves two other possible hypotheses (Table 5): the red-
shouldered hawks are attracted to the pile because of the presence of American crows or 
vice-versa. 
 
Hypothesis 2: Red-shouldered hawks are attracted to the compost piles due to American 
crows 
 Hypothesis 2 (Table 5) considers that the red-shouldered hawks are attracted to the 
piles due to the presence of crows.  Clearly a prediction of this hypothesis is that crows 
would occur at the pile immediately prior to hawk arrival.  Relative to all other diurnal 
visitors combined, encounters of red-shouldered hawks were more frequently associated with 
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the presence of an American crow within the 5 min preceding the hawk’s appearance (Table 
3).  This evidence is consistent with Hypothesis 2 (Table 5) that red-shouldered hawks are 
attracted to the compost piles because of the presence of American crows.  
 One limitation of our present study is that we cannot demonstrate causation.   To 
determine if the red-shouldered hawk is visiting the compost piles due specifically to the 
presence of crows, we would need to experimentally manipulate the occurrence of crows.  A 
future direction of this study will include the use mechanical American crows, which would 
allow for such a manipulation, to determine if their presence indeed attracts red-shouldered 
hawks to the compost piles.  As a control for the potential attraction of the red-shouldered 
hawk by birds in general, mechanized models of mourning doves, another pile visitor 
documented in our study, will also be used. 
 
Hypothesis 3: American crows are attracted to the compost piles due to red-shouldered 
hawks 
Hypothesis 3 (Table 5) states that the American crows are attracted to the piles due to 
the presence of the red-shouldered hawk.  Given the extremely high relative abundance of the 
crows, this hypothesis seems unlikely, but nonetheless must be considered.  Compared to all 
other diurnal visitors combined, encounters of American crows showed no tendency to be 
preceded by red-shouldered hawks in the 5-min window before the crows appeared (Table 4).  
This evidence therefore discounts Hypothesis 3 (Table 5), that American crows are attracted 
to the compost piles because of the presence of red-shouldered hawks. 
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Adaptive Explanations Associated with Hypothesis 3: (Hypotheses 3a and 3b) 
 Given that Hypothesis 3 is discounted in general, it appears unlikely that its two 
associated adaptive explanations that the crows are attracted to the piles to mob the hawks 
(3a) or to enhance their own foraging (3b) are credible.  Furthermore, we have somewhat 
more direct evidence that is inconsistent with Hypothesis 3a.  Red-shouldered hawk 
encounters were longer when American crows were present (Fig. 8), suggesting that the 
crows were not mobbing the red-shouldered hawks at the compost piles.   
American crows were observed to distinguish between red-shouldered and red-tailed  
(Buteo jamaicensis) hawks and only mobbed the latter (Genelly et al., 1964).  As the red-
shouldered hawk is the smaller of these two raptors, the crows perhaps did not view it to be 
as great a threat as the red-tailed hawk (Genelly et al., 1964).  This is consistent with the 
observed absence of mobbing of red-shouldered hawks by American crows gathered at the 
compost piles.  Nonetheless, flocks of American crows have been observed mobbing other 
larger birds (Kilham, 1984).  Since individually they are socially subordinate to certain larger 
avian species, crows must act cooperatively to distract larger competitors, and are usually 
more successful at obtaining food from other species when multiple crows are mobbing at the 
same time (Kilham, 1984; Langley, 2001).  In a study on feeding stations, crows rarely 
initiated any sort of interaction, aggressive or otherwise, toward bald eagles, which are larger 
birds and potential predators (Skagen et al., 1991). 
Additionally, since the red-shouldered hawk is so infrequent a compost pile visitor 
relative to the crow, it seems unlikely that the crow is using the presence of the hawk to 
enhance its foraging.  American crows are very effective at locating carcasses before other 
avian species (Skagen et al., 1991; Peterson et al., 2001; Roen and Yahner, 2005), and as 
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they are the most common diurnal visitor to the piles, it is implausible that they would need 
the red-shouldered hawk to find the compost piles.  In fact, Skagen et al. (1991) observed 
that crows preferred to feed when bald eagles were not present at a carcass and even avoided 
feeding stations when multiple bald eagles were present.  However, when carrion is in the 
form of whole carcasses, crows rely on larger birds to tear open the carcasses before they can 
feed (Skagen et al., 1991).  Since our compost piles do not contain whole carcasses, but 
animal-based kitchen scraps in smaller portions, the crows would not have to rely on the red-
shouldered hawk, or any other raptor, to make this food available. 
 
Adaptive Explanations Associated with Hypothesis 2: (Hypotheses 2a and 2b) 
Given that Hypothesis 2 is supported, while Hypothesis 3 is discounted, the adaptive 
explanations associated with Hypothesis 2 clearly need further consideration.  If the red-
shouldered hawks were attracted to the compost piles to mob the crows that arrived earlier 
(Table 5, Hypothesis 2a), we would expect to find crow encounters to be shorter when an 
aggressive hawk is present versus when they are at the pile without the hawk.  However, 
crow encounters were significantly longer when red-shouldered hawks were present than 
when they are not (Fig. 9), thus discounting Hypothesis 2a.   
Mobbing is typically initiated by a socially subordinate species (Genelly et al., 1964), 
so it is unlikely that a red-shouldered hawk would mob the American crow, a subordinate 
species.  The only aggressive interactions reported have been of individual red-shouldered 
hawks robbing individual crows of hunted prey items (Kilham, 1982).  Additionally, 
mobbing typically refers to a group of individuals acting against another species, and we 
have not observed more than one red-shouldered hawks at the piles when crows are present. 
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Since our evidence fails to support the notion that the red-shouldered hawk is 
attracted to mob crows, it remains possible that the red-shouldered hawk may be attracted to 
the piles when crows are present to enhance its own foraging (Hypothesis 2b).  As we do not 
have evidence to refute this hypothesis, foraging enhancement provided by the American 
crow needs to be considered further.  Although logistically challenging, it will be necessary 
to examine the foraging efficiency of red-shouldered hawks at compost piles in the presence 
and absence of the American crow. 
 American crows may indeed provide benefits to the red-shouldered hawks that would 
increase the raptor’s foraging efficiency.  By joining a mixed-species flock, red-shouldered 
hawks would benefit from the crows’ practice of sentinel behavior, in which one or two 
individuals guard the flock from predators or other threats (Conner et al., 1974).  As raccoons 
(Procyon lotor) are known nest predators (Bednarz, 1979) that occur in the vicinity of the 
piles, the red-shouldered hawk may be more aware of such predatory risks when in the 
presence of vigilant crows.  Skagen et al. (1991) also found that bald eagles (Haliaeetus 
leucocephalus) were more focused on feeding on a shared carcass when crows were present, 
but looked up more often after the crows flew away.  By having sentinel crows looking out 
for the flock, the red-shouldered hawk might benefit from the protection from predators and 
focus more energy on foraging instead of vigilance. 
 In addition to the benefits of joining a mixed-species flock for defensive purposes, 
crows also help red-shouldered hawks locate food more easily.  Crows are known to practice 
cooperative searching via local enhancement, in which crows inadvertently indicate a located 
resource, and flock foraging, in which the group searches for food by working together (Ellis 
et al., 1993).  In multiple instances, Roen and Yahner (2005) observed crows calling within 5 
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m of bait, but those crows did not begin feeding until other crows had arrived, which is 
indicative of the social foraging of a flock of crows.  Crows have commonly been observed 
as the first avian species to locate bait (Skagen et al., 1991; Peterson et al., 2001; Roen and 
Yahner, 2005).  They were also consistently abundant at food resources regardless of how 
much food was available (Skagen et al., 1991), and larger flocks are easier to locate.  When 
conducting their fieldwork, Prior and Weatherhead (1990) concurrently observed crows in 
the immediate area, and concluded that the crows were attracted to human activity, which 
may have helped them to detect bait earlier than other scavengers.  As crows have been able 
to persist in areas of high human concentrations, this commensal relationship with humans 
may also aid them in locating the compost piles before other scavengers appear.  By arriving 
in large numbers before other scavengers, crows may provide important foraging cues to help 
the red-shouldered hawks locate the compost piles. 
 
Ingestion of vegetable matter: small mammal activity as a possible explanation 
 On 5 March 2011, a red-shouldered hawk was recorded feeding on red cabbage from 
the VEG pile (Fig. 10; A Field Guide to Compost Visitors: 
http://commons.trincoll.edu/compostvisitation/birds/red-shouldered-hawk-buteo-lineatus).  
This is a novel observation; there has been no previous mention of red-shouldered hawks 
ingesting vegetable products.  While traces of vegetable matter have been found in analysis 
of pellets, they likely originated in association with prey items, within the gut or adhering to 
the surface of small mammals (Welch, 1987).  Red-shouldered hawks have also been 
observed adding vegetable products to their nests (Dykstra et al., 2009).  European starlings 
(Sturnus vulgaris) are known to incorporate herbs with insecticidal or fungicidal properties 
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into their nests to ward off mites and other parasites (Clayton and Wolfe, 1993), and this 
behavior has been shown to improve nestling growth (Gwinner and Berger, 2005).  Though 
such a behavior has not been documented among red-shouldered hawks, it is possible that 
herbaceous compost material could provide a similar benefit to their nests.  However, the 
NEAR VIDEO images certainly suggest that the hawk is ingesting the red cabbage, as it does 
not fly away with the food, and the behavior was observed well before the local nesting 
season, which lasts from mid-April to mid-May in Connecticut (Smith and Devine, 1994). 
 One possible explanation for the red-shouldered hawk’s attraction to the VEG pile is 
not primarily for the vegetable matter in the compost itself, but for the small mammals that 
may be attracted to the VEG pile.  Accordingly, the consumption of vegetable matter may be 
secondary to foraging on small mammals.  Small mammals, such as the white-footed mouse 
(Peromyscus leucopus) and voles (Microtus spp.) constitute the bulk the red-shouldered 
hawk’s diet (Stewart, 1949; Penak, 1982; Welch, 1987; Bosakowski and Smith, 1991; Sibley, 
2001; Dykstra et al., 2003).  The white-footed mouse is frequently the most abundant 
woodland mammal in the eastern North America (Linzey et al., 2008), with high population 
densities sometimes approaching 200 individuals/ha (Lewellen and Vessey, 1999).  Stomach 
content examinations revealed that it feeds on invertebrates, fungi, nuts, fruits, and green 
vegetation (Wolff et al., 1985).  It therefore would seem plausible that the white-footed 
mouse might visit the VEG pile to feed on the compost items and invertebrates, thus 
presenting itself as prey to the red-shouldered hawk.  
 Analysis of data from the hair tube sampling revealed that there was higher small 
mammal activity (as reflected by bait removal) near the stonewall than at the compost piles 
themselves (Figure 11).  As activity levels of small mammals were not concentrated near the 
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compost piles but rather near the stonewall, our evidence suggests that the presence of 
potential prey items may not be the main attraction for red-shouldered hawks at the piles.   
Additionally, several other factors suggest that the red-shouldered hawk may not 
frequently encounter white-footed mice as it scavenges from the piles.  Analysis of the 
NEAR VIDEO images recorded at the hair tubes along the stonewall showed that the white-
footed mouse was the only small mammal using the hair tubes.  Its numerous visits took 
place only at night.  Red-shouldered hawks, on the other hand, are diurnal foragers (Dykstra 
et al., 2008), so even if white-footed mice were present at the compost piles, as assumed by 
bait removal, there would be a temporal separation between the two species. 
 Small mammals like the white-footed mouse also choose well-hidden corridors to 
avoid exposure to predation.  Predation risk is the most important determinant of the 
distribution of small mammals, like the white-footed mouse, in old-field habitats (Manson 
and Stiles, 1998), and they have been observed to restrict their activity to within several 
meters of stone fencing (Sinclair et al., 1976).  Fences, hedgerows, stone walls, fallen logs, 
and areas of low, dense vegetation are all preferred microhabitats, which are useful as both 
refugia and navigational sites (Morris, 1979; Barry and Francq, 1980; Manson and Stiles, 
1998).  Thus, given that the experimental compost piles are each located in a forest clearing, 
their surroundings would subject Peromyscus to exposure. 
 There are also reasons for why the compost piles themselves may not be particularly 
hospitable environments for small mammals.  There are many mammalian predators that 
frequent the compost piles.  Even American crows are documented predators of the white-
footed mouse (Black, 1941), and their presence at all pile treatments may be a deterrent.  
Video analysis has shown that all of the canid visitors [red fox (Vulpes vulpes), gray fox 
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(Urocyon cinereoargenteus), coyotes (Canis latrans), and the domestic dog (Canis lupus 
familiaris)] frequently urinate on the piles, presumably as territorial scent marking.  For 
example, red foxes (Vulpes vulpes) employ urine marking to mark territory, trails, and food 
resources (Henry, 1977).  
 Predator urine, such as fox urine, is a commercially available means of repelling 
small mammal herbivores (Sullivan et al., 1988).  In addition to the presence of predators, 
the compost piles are also subjected to regular disturbance from provisioning; every six days 
we dug up the compost piles, added fresh compost, raked up the materials, and covered them 
again with straw. 
 As this is the first replicate to employ the hair tubes, there are limitations to our data 
obtained from them.  First, we are working with a relatively small data set, so we would need 
to sample during additional replicates.  The design of the hair tubes also changed from the 
beginning of the replicate (4 February 2012), with almost one modification per week during 
the initial month of their deployment.  The tubes were initially white, only half were baited.  
Due to lack of visitation by small mammals, the tubes were painted gray and brown to blend 
in with the surroundings and ventilation holes were added to the cap.  We initially did not 
bait all of the tubes because we did not want to actively attract the white-footed mice, or any 
other scavenger, to the compost pile by virtue of the hair tube bait.  However, by baiting 
them all, it is possible that we have, in fact, increased small activity by attracting them to the 
piles.  Clearly, it will be interesting to repeat this survey with unbaited tubes.  Based on the 
initial videos of the hair tubes located in front of the stonewalls, we saw Peromyscus activity 
in the background, but not at the tubes themselves.  We therefore relocated these hair tubes 
directly into the wall.  Since the tubes were constructed immediately prior to the replicate, 
 45 
they could not be set out for a pre-trial acclimation period as commonly practiced (Sanecki 
and Green, 2005; Schwingel and Norment, 2010). 
 One consistent problem was that the tape picked up little hair.  We therefore scored 
activity based on bait removal rather than on hair deposition.  In future replicates, the tubes 
will be modified to force visitors to brush more directly against the tape, as we know that this 
particular tape has been used successfully in other hair tube studies (Schwingel and Norment, 
2010).   
 
Conclusions 
 As residential composting of kitchen scraps has increased in recent years, food 
resources have become available year-round to scavenging species.  The MIX pile, with its 
protein-rich animal products, provides a higher quality nutritional resource for scavengers 
(Wilson and Wolkovich, 2011) than the VEG pile with simply plant-based kitchen scraps, 
and could enhance scavenger attendance, especially when other food resources are limited. 
Overall, 29 different species have been detected at the compost piles since the study began in 
2008.  The red-shouldered hawk was consistent with the typical visitation pattern observed in 
this study in that it showed a distinct preference for the MIX pile.  It was also more abundant 
at the compost piles during the winter/spring months, as other resources are generally limited 
during this period of low temperatures and possible snowfall. 
 The red-shouldered hawk and the American crow, by far the most abundant of any 
diurnal visitor, displayed a distinct association at the compost piles.  We had three possible 
hypotheses to explain this association: the two avian scavengers were independently attracted 
to the compost piles, the red-shouldered hawk was attracted by the American crow, or vice-
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versa.  Our data refuted the first and third hypotheses.  Thus, we inferred that the red-
shouldered hawk was attracted by the American crows at the piles, though we cannot prove 
causation at this point. 
 Our data refuted the notion that red-shouldered hawks appeared in order to mob the 
crows.  The only remaining possibility was that the crows enhanced the red-shouldered 
hawk’s foraging.  As the American crow practices sentinel behavior and provides local 
enhancement cues of resources, especially in the winter when food is scarce, the red-
shouldered hawk would likely benefit from foraging alongside this common visitor. 
 We also recorded a novel observation of the red-shouldered hawk: the ingestion of 
vegetable matter.  Since the red-shouldered hawk is a documented carnivore, an alternative 
explanation for this observation is that the hawk attracted to the presence of small mammals, 
like the white-footed mouse (Peromyscus leucopus), at the compost piles and that the 
ingestion of vegetable products was only secondary.  However, data from the hair tube 
sampling showed that more bait was removed from the hair tubes located near the stonewall, 
the control location, rather than from the piles themselves, indicating that the presence of 
small mammals was likely not the main factor in attracting the red-shouldered hawk to the 
compost piles. 
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VIII.  APPENDICES  
 
Appendix 1: Representative products found in compost material used in this 
experiment 
 
Vegetable Products: 
 
coffee grounds and filter 
tea bags 
pineapple 
banana peels 
apple cores 
orange peels 
grapefruit peels 
bread 
hot/cold cereal 
broccoli 
bell peppers stems and seeds 
cantaloupe rinds and seeds 
honeydew rinds and seeds 
watermelon rinds 
lettuce 
parsley 
onion 
carrot peels 
zucchini 
mango peels 
corn cobs 
 
Animal Products: 
 
eggshells 
cheese 
cat food 
chicken meat and bones (cooked) 
chicken fat trimmings (raw) 
beef fat trimmings (raw) 
hamburger patties (cooked) 
fish skin (cooked) 
pork (cooked) 
shrimp peels 
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Appendix 2: Camera Settings 
 
Trail Sense Engineering, LLC TrailMAC Digital Scouting Cameras 
 
TrailMAC Sensor Settings (R1-R7) 
 
Internal Switch Positions 
Settings controlled by internal switches: 
 1-min Delay (Switches 1-3) 
  Older version: All ON 
  Newer version: Switch 1 OFF, Switch 2-3: ON 
 Mode of Operation (Switch 4) 
  Older version: ON 
  Newer version: OFF (unless using Battery Extender System* (BES)) 
 Intermediate Sensitivity (Switches 5-7) 
  Switch 6: ON 
 24-hr Operation (Switch 8) 
  Switch 8: OFF 
*Battery Extender System (BES): Separate unit of 6 D-cell batteries used during cold 
weather in attempt to improve camera performance 
 
Older version of TrailMAC Sensor: Olympus D-380 Digital Camera 
 Memory card: 128 MB ID Smart Media 
Newer version of TrailMAC Sensor: Olympus D-540ZOOM Digital Camera 
 Memory card: 128 MB xD Picture Card 
 
 
 
Reconyx Hyperfire PC800 Cameras 
 
STILL Settings 
Basic settings: 3 June 2010 (Start of R8-present) 
Updated user label to accommodate two-digit replicate numbers: 6 February 2011 (Start of 
R10-present) 
Time lapse testing: 14 March 2011 (Middle of R10-present) 
 
Trigger 
 Motion sensor: ON 
 Sensitivity: HIGH 
 Pics/trigger: 1 
 Picture Interval: --- 
 Quiet Period: 1 min 
Time lapse (R8 to middle of R10) 
 AM period: OFF 
 PM period: OFF 
Time lapse: (middle of R10 to present) 
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 AM period: ON 
  AM start time: 12:00 AM 
  AM end time: 1:00 AM 
  Picture Interval: 1 hour 
 PM period: ON 
  PM start time: 12:00 PM 
  PM end time: 1:00 PM 
  Picture Interval: 1 hour 
Resolution: 3.1 MP 
Night mode: BALANCED 
Date/Time/Temp 
 Entered current date and time (synchronized to Verizon network)  
 Temperature: Celsius 
Code Loc: NONE 
User label 
 Replicate #_Location_Treatment_Camera Type 
 Ex: R8_N_MIX_STILL 
 
NEAR VIDEO Basic Settings 
 
Trigger 
 Motion sensor: ON 
 Sensitivity: HIGH 
 Pics/trigger: 10 
 Picture Interval: RAPIDFIRE  
 Quiet Period: NO DELAY 
Time lapse (R8 to middle of R10) 
 AM period: OFF 
 PM period: OFF 
Time lapse: (middle of R10 to present) 
 AM period: ON 
  AM start time: 12:00 AM 
  AM end time: 1:00 AM 
  Picture Interval: 1 hour 
 PM period: ON 
  PM start time: 12:00 PM 
  PM end time: 1:00 PM 
  Picture Interval: 1 hour 
Resolution: 3.1 MP 
Night mode: BALANCED 
Date/Time/Temp 
 Entered current date and time (synchronized to Verizon network) 
 Temperature: Celsius 
Code Loc: NONE 
User Label (R8-R9) 
 Replicate #_Location_Treatment_Camera Type 
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 Ex: R8_N_MIX_NEARVID 
User Label (R10-R13) 
 Replicate #_Location_Treatment_NEARVD (to accommodate two-digit replicate 
numbers) 
 Ex: R13_C_CON_NEARVD 
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Appendix 3: Independent Encounter Categorization 
 
When quantifying encounters as independent events, we used the criterion of a minimum of 
30 min between subsequent images of the same species to consider them as separate 
independent encounters.  For example, if there were two images of a red fox from the same 
camera taken at 110303 03:30:16 and 110303 03:54:12, we considered it as a single 
encounter, as together they likely reflected a single overall visit by an individual fox (images 
are within 30 min of each other).   The first image would be coded “IE” for an independent 
encounter, and the second coded “NE” for a non-independent encounter.  If we had two 
images of a red fox from the same camera taken at 110303 03:30:16 and 110303 04:05:34, 
we considered them as representing two independent encounters, with both coded as “IE”. 
  
When categorizing independent encounters of multiple individuals of the same species (e.g., 
crows) per image, we used the following procedure.  If a single image is separated by ≥ 30 
min from both a previous and a subsequent image of individuals of the same species, it 
simply would be coded as “IE”.   If there was a series of images depicting several individuals 
of the same species and the images are not separated by ≥ 30 min from consecutive images in 
the series, then the image with the maximum number of individuals was recorded as the one 
representing the independent encounter for the series.  For example, if at 110303 13:30:16, a 
camera recorded 3 crows on a pile; at 110303 13:33:20, the camera recorded 2 crows; at 
110303 13:37:58, the camera recorded 5 crows; and then at 110303 13:40:47 the camera 
recorded 1 crow, there would be 5 independent encounters represented by this series of four 
images.  Therefore, the image with the 5 crows gets coded “IE” and all three of the others in 
that series get coded “NE”.  If there happened to be two images with five crows in the series 
of four images above, only the first of the two five crow-images would be coded “IE” and the 
second “NE”. 
 
In instances where we had two different species in the same image, the “IE” or “NE” reflect 
the second species listed in the description.  Unlike the single species images for which Excel 
will automatically quantify the encounters, these encounters were manually quantified. 
 
The Trail Mac cameras (R1-R7, STILL mode only) occasionally fired too frequently (several 
seconds between images, rather than the typical minimum of approximately 60 seconds).  We 
recorded such premature images as “NEM” to represent a non-independent encounter 
resulting from the camera malfunction. 
 
Blank images and test images were automatically coded as “B” and “T,” respectively.  
 
Examples 1 and 2 on the following page demonstrate this independent encounter 
categorization. 
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Example 1      Example 2  
 
 
 
